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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



Internationa! application No. PCT/GB00/02736 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

7-10.12-15 as originally filed 

1-6. 6a, 11 as received on 12/06/2001 with letter of 08/06/2001 
Claims, No.: 

1-14 as received on 12 06/2001 with letter of 08 06 2001 

Drawings, sheets: 

1 6.3 6-6 6 as originally filed 

2/6 as received on 12.06/2001 with letter of 08.06 2001 



2. With regard to the language, ail the elements marked above were available or furnished to this Authority tn the 
language in which the international application was filed, unless otherwise mdicatea under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application sunder Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and o- 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contaired in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

72 furnished subsequently to this Authority m computer readable form. 

17 The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international applicat cn as filed nas been furnished. 

77 The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 
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4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims. Nos.: 

□ the drawings. sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-14 




No: 


Claims 




inventive siep (IS) 


Yes: 


Claims 


1-14 




No: 


Claims 




Industrial applicability (IA) 


Yes: 


Claims 


1-14 




No: 


Claims 





2. Citations and explanations 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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1 . Reference is made to the following documents: 
D1: W09843441 A 

D3: MODERN OPTICAL ENGINEERING, Warren J Smith, McGraw-Hill 1966, 
pages 124-128 

Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or i 

2.1 The subject-matter of claim 1 satisfies the requirements of Articles 33(2) and 33(3) 
PCT. The document D1 is regarded as being the closest prior art, and discloses (see 
page 6, lines 11-19 and figure 2): A compound lens (for example (40,1 )) for use in an 
array of such lenes (40,1 :40.2:40,3) comprising at least two lens elements (41,1 - 49,1 ), 
including a front lens element (49,1) having a front lens surface which is the largest 
diameter lens surface. The subject-matter of claim 1 differs from the closest prior art in 
that the exit pupil of the compound lens is bounded by and lies in the plane of the edge 
of the front lens surface, whereas in the document D1 (see page 6, lines 15-17 and 
figure 2), the exit pupil of the compound lens (40,1 ) is "defined by the front projection 
lens" (49,1). the precise plane of the exit pupil not being explicitly given. 

2.2 The problem to be solved by claim 1 is the elimination of dark spaces between images 
in the "viewer space" of an autostereoscopic projection system. The skilled person 
would derive from document D1 (see page 3, lines 12-14) that these dark spaces can 
be eliminated if the lenses have adjacent abutting exit pupils, however, D1 
ackowledges (page 10. lines 1-2) that there are "practical constraints in making the exit 
pupils of the lens systems abut without any gap". D1 then goes on to describe a 
method of compensating for the non-abuttment of the exit pupils. In contrast, the 
above-mentioned difference between claim 1 of the present application and D1 results 
in a lens having an exit pupil so arranged that an array of such lenses can have their 
exit pupils directly abutting. This difference is not disclosed or suggested by D1 or any 
of the other available prior art. and consequently satisfies the requirements of Articles 
33(2) and 33(3) PCT. 

3. Claim 1 1 describes a method of designing a compound lens which would appear to 

inevitably result in a design corresponding to the new and non-obvious lens of claim 1 . 
hence claim 1 1 satisfies the requirements of Articles 33(2) and 33(3) PCT. 



INTERNATIONAL PRELIMINARY International application No PCT/GBOO 02736 

EXAMINATION REPORT - SEPARATE SHEET 



4. All other claims depend on claims 1 or 1 1 . and therefore satisfy the requirements of 
Articles 33(2) and 33(3) PCT. 

Re Item VIII 

Certain observations on the international application 

5. The term "aperture stop" as used throughout the description and claims has been 
interpreted according to the definition given in the description on page 6, lines 16-17. It 
is pointed out that this definition is not the conventional definition of the term (see e.g. 
D3. page 124) contrary to Article 6 PCT. The definition given in the description appears 
to be identifiable with an "effective aperture stop" as described, for example, on page 
126 of D3. 
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REPLACED BY 
ART 34 AMDT 

Compound Lens Arrangement for use in Lens Arrays 

5 The present invention relates to a compound lens arrangement for use 
in arrays of lenses and in particular to a compound lens arrangement for 
use in arrays of lenses or for use in projectors arranged in an array in 
multi-perspective autostereo projection systems. 

10 In known multi-perspective autostereo projection systems the images 
from a plurality of projectors which show different perspective views of 
an object are projected onto a direction selective projection screen, such 
as a field lens. Such screens have the characteristic of re-forming the 
array of images of the projector lens exit pupils in a "viewer space" so 

15 that each viewer of the screen sees a stereo image pair and accordingly 
sees a three dimensional image. Thus, if a viewer horizontally crosses 
between adjacent images, the three dimensional image changes 
discontinuously or "flips". A problem with this type of display is that the 
images seen by the viewer are separated by dark regions associated 

20 with gaps between the projection lenses. 

In a paper entitled "Autostereoscopic 3D-imaging by front and rear 
projection and on flat panel displays" by R Borner which was published 
in "Displays", Volume 14, Number 1, 1993 by Butterworth-Heinemann 

25 Ltd. this problem is tackled by overlapping the exit pupils of the projector 
lenses by using at least two vertically spaced layers of projectors lenses 
horizontally off-set with respect to each other. In this way the axis of an 
exit pupil of a projector lens in a first layer will lie in a horizontal plane 
located between the axes of the exit pupils of two adjacent projector 

30 lenses in a second layer. The images of the projector lens exit pupils 
from different layers can be overlapped in the "viewer space" using 
lenticular screens in order to eradicate dark regions between the images 
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in the "viewer space". A similar approach is used in a paper entitled 'An 
autostereoscopic real-time 3D display system" by G. Bader, E. Lueder 
and J. Fuhrmann published in Euro Display '96. The resulting display 
apparatus using such multi-layer arrangements can be overly complex 
5 and the use of lenticular arrays to spread out the exit pupil image can 
affect the projected picture quality. 

In a paper entitled "Multiperspective autostereoscopic display" by 
Gordon R. Little, Steven C. Gustafson and Vasiliki E. Nikolaou 

10 published in SPIE Volume 2219 Cockpit Displays (1994), the problem of 
gaps between adjacent images in the "viewer space" is solved by using 
a pupil forming screen which comprises a Fresnel lens and a lenticular 
array to spread out each image in the 'Viewer space" to remove any 
gaps between adjacent images. This again has the disadvantage of 

15 affecting the projected picture quality by reducing the resolution of the 
display 

The present invention aims to overcome at least some of the problems 
discussed above by providing a compound lens arrangement for use in 
20 arrays of lenses which substantially eliminates the problem of dark 
spaces between images in the "viewer space" without requiring over- 
complex display arrangements and without reducing the resolution of 
the image seen by the viewer. 

25 According to a first aspect of the present invention there is provided a 
compound lens arrangement for use in an array of such lens 
arrangements comprising at least two lens elements including a front 
lens element having a front lens surface which is the largest diameter 
lens surface in the compound lens arrangement, wherein the exit pupil 

30 of the compound lens arrangement is bounded by and lies in the plane 
of the edge of said front lens surface. In such a compound lens 
arrangement the exit pupil lies at the front of the arrangement at the 
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largest diameter lens surface of the arrangement which means that in 
an array of such compound lens arrangements, adjacent abutting lens 
arrangements will have adjacent abutting exit pupils. Thus, there will be 
no gaps between the exit pupils of adjacent compound iens 
5 arrangements and so the present invention can be used to eliminate the 
problem of dark spaces between images in the 'viewer space'' in 
autostereo projection systems. The compound lens arrangement 
according to the present invention is of use in any application requiring 
the use of arrays of lenses with abutting exit pupils. 

10 

The aperture stop may be located within the front lens element of the 
compound lens Preferably, the aperture stop of the lens lies in front of 
the lens element(s) of the compound lens arrangement other than the 
front lens element as this improves the symmetry of the iens 
15 arrangement about the aperture stop and helps to reduce coma, 
distortion and transverse colour in the compound lens. The aperture 
stop of the compound lens arrangement may lie in a plane which 
intersects the optical axis of the compound lens arrangement at the rear 
lens surface of the front lens element. 

20 

The front lens element may itself be a compound lens or alternatively 
could comprise a single lens. It is preferred that the rear lens surface of 
the front lens element is concave and further that the front lens surface 
of the front lens element is convex. 

25 

In a preferred arrangement the front iens element is the largest diameter 
lens element in the compound lens arrangement. 

The first aspect of the present invention relates to a compound lens 
30 arrangement with its exit pupil located at its last (or front) surface with 
the edge of the exit pupil being the intersecting ring of the plane where 
the exit pupil is located and said last surface. The diameter of the exit 
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pupil defines the largest diameter of the compound lens arrangement 
and the radius of the exit pupil is larger than or equal to all the ray 
heights traced through the compound lens without vignetting. Thus, 
several such compound lenses can be arranged in an array so that their 
5 exit pupils abut so that there will be no dark zone when this compound 
lens array is used as the projection lens array in a mutti-projector 
autostereoscopic display. 

According to a second aspect of the present invention there is provided 
10 a projector for use in an array of such projectors comprising a 
compound lens arrangement according to the first aspect of the present 
invention. As discussed above such a projector can be used in an 
abutting array of such projectors in an autostereo projection system in 
order to eliminate gaps between images in the "viewing space" of the 
15 system. 

According to a third aspect of the present invention there is provided an 
autostereo projection system comprising an array of projectors 
according to the second aspect of the present invention. 

20 

According to a fourth aspect of the present invention there is provided a 
method of designing a compound lens arrangement for use in an array 
of such lenses comprising the steps of; 

25 defining the material of a front lens element of the 

compound lens arrangement, the diameter of a front lens 
surface of the front lens element, the radius of curvature of 
the front lens surface and a rear lens surface of the front 
lens element and defining the location of an exit pupil of 

30 the compound lens arrangement to be bounded by and in 

the plane of the edge of said front lens surface, 
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5 

based on the above defined parameters, tracing the 
location and magnitude of an aperture stop of the 
compound lens arrangement by tracing the marginal rays 
through the front lens element using ray tracing means, 

5 

repeating the above steps until the marginal ray heights 
through the front lens element are highest at the exit pupil, 
and then fixing the above defined parameters, 

10 defining the diameters of the remaining lens surfaces of 

the compound lens arrangement to be less than that of the 
front lens surface of the front lens element and defining 
the functionality of the compound lens arrangement, 

15 using ray tracing means to design the remainder of the 

compound lens arrangement, in such a way that the 
remaining lens surfaces do not alter the relationship 
between the exit pupil and the marginal ray height through 
the front lens element defined above. 

20 

Preferably, the parameters defined in the first step of the method are 
only fixed when the diameter of the aperture stop is less than the 
diameter of the exit pupil. 

25 This method can be used to design a compound lens arrangement 
according to the first aspect of the present invention and which will have 
the advantages associated with the first aspect of the present invention. 

The term marginal ray is used generally to describe those rays which 
30 pass through the edge of an aperture stop or an entrance or exit pupil of 
a lens system. The marginal ray is that ray which is the highest (ie. 
moves furthest away from the optical axis) amongst the rays traced 
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6 

through a lens system from an object point. In a compound lens 
according to the present invention the marginal rays will pass through 
the edge of the exit pupil, because the exit pupil is real. 

5 Preferably, the step of defining the diameter of the front lens surface of 
the front tens element comprises the step of defining the diameter of the 
front lens element. 

Preferably, the step of defining the functionality of the compound lens 
10 arrangement comprises the step of defining the compound iens as a 
finite conjugate lens with specified object and image distances as such 
a compound lens would be suitable for use in a projector of an 
autostereo projection system. Alternatively, the compound lens 
arrangement could be defined as a finite-infinite conjugate lens element. 

15 

For the purposes of the present invention the aperture stop shall be 
defined as the image of the exit pupil 

The present invention will now be described by way of example only 
20 with reference to the accompanying figures in which: 

Figure 1a shows schematically a multi-perspective 
autostereo display system using a direction selective projection screen 
and an array of projectors each comprising a compound lens according 
25 to the present invention. 

Figure 1b shows schematically a multi-perspective 
autostereo display system using a field lens and an array projectors 
each comprising a compound lens according to the present invention. 

30 

Figure 2 shows a first embodiment of a compound lens 
arrangement according to the present invention. 
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element (32) with the aperture stop, which is a virtual image of the exit 
pupil lying in the plane (40) in the absence of the front lens element 
(32) the marginal rays from all three field points (44,48.50) would 
intersect at point (52) as shown by the ray construction in dotted lines. 
5 Point (52) defines the upper edge of the of the aperture stop of the 
compound lens (30) of Figure 2. The addition of the front lens element 
(32) refracts the marginal rays at its rear surface (b) so that they 
intersect at point (54) which is the upper edge of the exit pupil of the 
compound lens (46). The exit pupil is the image of the aperture stop at 

10 the image side of the aperture stop, and so lies in a plane (46) 
perpendicular to the optical axis (42) and is bounded by intersection 
points (54). The front lens element (32) is designed so that the 
intersection points (54) lie at the circumference of the front surface (a) of 
the front lens element (32). The compound lens (30) is designed so that 

15 the circumference of the front surface (a) of the front lens element (32) 
is greater than any other circumference of a lens element used in the 
compound lens. In this way adjacent compound lenses (30) can be 
placed together in an array with their exit pupils abutting. 

20 The aperture stop is a virtual image of the exit pupil. The height of the 
aperture stop is the distance from the point (52) to the optical axis (42) 
and the height of the marginal ray at the exit pupil is the distance from 
the point (54) to the optical axis (42). It can be seen that the marginal 
ray heights all the way through the front lens element (32) are less than 

25 the marginal ray height at the exit pupil. 

It should be noted that the front lens element (32) could be a compound 
lens element comprising more than one lens element. 

30 The compound lens (30) is designed as indicated above using the Code 
V software package. It is designed in accordance with the following 
method, the steps of which are shown in Figure 7: 
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Claims 

1. A compound lens arrangement for use in an array of such lens 
5 arrangements comprising at least two lens elements including a front 

lens element having a front lens surface which is the largest diameter 
lens surface in the compound lens arrangement, wherein the exit pupil 
of the compound lens arrangement is bounded by and lies in the plane 
of the edge of said front lens surface. 

10 

2. A compound lens arrangement according to claim 1 wherein the 
aperture stop of the lens arrangement lies in front of the lens elements 
of the compound lens arrangement other than the front lens element. 

15 3. A compound lens arrangement according to claim 1 wherein the front 
lens element has a rear lens surface and the aperture stop of the 
compound lens arrangement lies in a plane which intersects the optical 
axis of the compound lens arrangement at the rear lens surface 

20 4. A compound lens arrangement according to any one of the 
preceding claims wherein the front lens element is a compound lens. 

5. A compound lens arrangement according to any one of claims 1 to 3 
wherein the front lens element is a single lens. 

25 

6. A compound lens arrangement according to any one of the 
preceding claims wherein the front lens element is the largest diameter 
lens element in the compound iens arrangement. 

30 7. A compound lens arrangement according to the present invention 
wherein a rear lens surface of the front lens element is concave. 
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8. A compound lens according to any one of the preceding claims 
wherein the front lens surface of the front lens element is convex. 

9. A projector for use in an array of such projectors comprising a 
5 compound lens arrangement according to any one of the preceding 

claims. 

10. An autostereo projection system comprising an array of projectors 
according to claim 9. 

10 

11. A method of designing a compound lens arrangement for use in an 
array of such lenses comprising the steps of; 

defining the material of a front lens element of the 
compound lens arrangement, the diameter of a front lens 
surface of the front lens element, the radius of curvature of 
a front lens surface and a rear lens surface of the front 
lens element and defining the location of an exit pupil of 
the compound lens arrangement to be bounded by and in 
the plane of the edge of said front lens surface, 

based on the above defined parameters, tracing the 
location and magnitude of an aperture stop of the 
compound lens arrangement by tracing the marginal ray 
25 height through the front lens element using ray tracing 

means, 



15 



20 



30 



repeating the above steps until the marginal ray height 
traced through the front lens element is highest at the exit 
pupil and then fixing the above defined parameters, 
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defining the diameters of the remaining lens surfaces of 
the compound lens arrangement to be less that of the front 
lens surface of the front lens element and defining the 
functionality of the compound lens arrangement, and 

5 

using ray tracing means to design the remainder of the 
compound lens arrangement in such a way that the 
remaining lens surfaces do not alter the relationship 
between the exit pupil and the marginal ray height through 
10 the front iens element as defined above. 



12. A method according to claim 11 wherein the parameters defined in 
the first step of the method are only fixed when the diameter of the 
aperture stop is less than the diameter of the exit pupil. 

15 

13. A method according to claim 11 or 12 wherein the step of defining 
the diameter of the front lens surface of the front lens element 
comprises the step of defining the diameter of the front lens element. 

20 14. A method according to any one of claims 11 to 13 wherein the step 
of defining the functionality of the compound lens arrangement 
comprises the step of defining the compound lens arrangement as a 
finite conjugate lens with specified object and image distances. 




FIG. 4 
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To realize flicker-free scenes, it is necessary that the full set of twenty views be presented within 
1 50 seconds. The DVD is unique among currently available spatial light modulators in providing this 
high frame rate { 1000 grayscale frames per second;. A considerable portion of trie cost to develop 
DMD-baseJ system is associated with the digital electronics needed to format imagery and transfer it to 
the DMD at this rate. Note that since the display has no persistence, high speed electronics are required 
even if only static scenes are displayed. 

2.2 Space-multiplexed implementation 

A space-multiplexed implementation of our display concept featuring video cameras and liquid 
crystal television (LCTV) projectors is depicted in Figure 2 Here, the array of video cameras captures 
multiple perspective views of a real scene. These views are fed directly to the array of LCTVs and 
simultaneously projected onto a special pupil-forming viewing screen. The viewing screen permits each 
perspective view to be seen only at the appropriate viewer position. The screen could be fabricated as a 
holographic optical element, but it can also be realized using a Fresnel lens and a pair of crossed 
lenticular arrays. In this case, the angular separation of the exit pupils is equal to the angular separation 
of the projection channels, and the v iewing zone angular width is determined by the angular subtense of 
the projector array. Note that fixed transparencies can replace the LCTVs. enabling higher resolution 
imagery to be displayed. 

LCTV Projector Array 
Viewing Zone Chimera Array 




Pupil Forming Screen 

Figure 2. Space-multiplex, . implementation of multiperspeciive autcstereoscopic display. 

3. DESIGN ISSUES FOR A SPACE-MULTIPLEXED DISPLAY 

Development of an effective space-multiplexed implementation of our disnlav concep* requires 
consideration of the two critical subsystems: the pupil-forming screen and the projection optics. 
Important design issues tor these subsystems are discussed below. 

3.1 Pupil-forming screen 

Operation of the Fre-me! lens lenticular array pupil-forming screen is explained in the top views 
of Figure 3. Figure 3 a <how< a rear projection system using a simple diffusing screen in which liizht 
rrom each part of the projected image is scattered over large angles, enabling the viewer to see the imaee 
over a wide region. The diffuser is replaced by a Fresnel '.ens in Figme 3b. wuh the result that the imaee 
car only be seen at a single -point exit pupil in the viewing plane :heie. at the viewer's '.eft eve position.' 



having its cvlindrical Iensiet axis vertical i> 



dde 



p. Fie ure 3c, cuusine the run! to be 



A lenticular i 1 

sr-ead horizor.tallv. Finally. Figure 3d illustrates the same scree:: with three projectors, me screen 
f'.rms a separate exit pupa 'for each of the projector,, enabling the viewer to see Jitterent images with 
each eye. ' By adding a second lenticular array having its axis horizontal, the exit pupils are spread 
vertically, providing a comfortable range of viewing heights. 

The height and width of the exit pupils are determined by the f- numbers of the cylindrical 
•enslets m the two lenticular arravs. A standard 174 lenticular array yields an exit pupil height ot seven 
inches at a viewing distance of 28 inches. A custom array with f/56 is needed to achieve an exit pupil 
width of 0 5 inch icorrespondirm to an exit pupil separation of one degree) at mis viewing distance. Exit 
pupils of this si/e would Permit seven inches of viewer height adjustment and would provide a 
horizontal viewing zone for 3D scenes (both eyes receiving images', of about 7.0 inches. Some 
flexibility in lenticular array f- number can be achieved by using index-matching materials to alter lenslet 
focal lencths.- 





a) Diffusiim screen 



Fnesnel lens 





c' 1 Fresnel lens with 
lenticular array 



d) Multiple projector systen 



r^vrc ^ Operation of a pupil-formins screen consisting of a Fresnel lens and a lenticular array : 
JditTiising screen; bi Fresnel lens; c) Fresnel lens wit!: lenticular array: d) multiple projectors. 

The viewing depth ran-e over which sharp 3D images can be seen is proportional to the ratio of 
: k c viewing ranee to the screen width. Fcr a 400 mm .16") screen width, a range of about one inch is 
n-ucirated. Farcer viewing depth ranees could be achieved by using smaller screens. In any event, the 
degradation with viewer depth position is expected to be gradual, which is not the case in parallax 
Carrier approaches 

! cr.mmiat airaw lm.it the resolution of the dioAr. became the mage segment that impinges on 



anv ierslei is distributee! across the entire exit pupii. For a typical array pitch 'two lenses per millimetei 
used with a 400 nun iHj by 300 mm (V) (16" by 12") viewing screen, resolution can be no better than 
600x800. Displays with smaller viewing screens bar the same array pitch will have correspondingly 
fewer pixels. Note that increasing the pitch is undesirable due to diffraction blurring of the exit pupil 
edges.- Using an HOE as the pupil-former should eliminate these restrictions. 

Our application of lenticular arrays differs from that commonly encountered in novelty 
autostcreoscopic displays. In these novelty devices, right and left eye images are combined in strip form 
with one right and one left strip precisely positioned under each ienslet at the lenslet focal plane 4 In 
this case, each eye sees only the appropriate set of strips and a stereoscopic image is observed. This 
novelty application requires careful alignment between the image strips and the array and good control 
on array thickness. In our application, both of these restrictions are substantially relaxed; we are using 
the arrays as controlled diffusers, not as image formers. 

An important feature of our design is that the pupil-forming function is separated from the 
image-forming function. Using the Fresnel lens off-axis, for example, introduces only minor 
degradation in the exit pupils and does not directly impact the image. Acceptable pupils have been 
demonstrated over a viewing angular range of 20 degrees. ~ 

3.2 Projection optics 

The projection optics subsystem includes multiple channels that are essentially identical, each 
having a light source (lamp and condenser lens), an image source, and a projection lens. As depicted in 
Figure 4, the system features specular (rather than diffuse) illumination with the lamp source imaged by 
the condenser onto the projection lens. The image source (LCTV or film transparency) is placed just 
behind the condenser and is imaged onto the pupil-forming screen. Each of these components is 
discussed below. 




Figure 4. Schematic of single projection channel. 



T>-e ! -hi source for each channel includes a small filament lung-ten lamp and a conden-er lens. 
0, r ,.. .,n W th" l'--h: collected bv the condenser -apart from absorption and reflection losses? ends up in 
f,, exit peril, lamp luminous output can be quite .ma!!, even for viewing under high ambient 
il'umination levels, 'in particu.ar. the composite luminous flux lor ail channel, is no more man that 
r £ mmv t .r a ^male-channel, rear-rroiection display none a diffusing screen of tne same size, due low 
single-channel luminous flux mean, that inexpensive, lightweight arm thin Lresp.ei condenser hemes may 
cv used. 

The spac, -multiplexed 3D dn.play implementation illustrated in Figure 2 toed LCTVs as the 
;nu.'c source. Such a astern is caoabie of displaying dynamic, full-c,!or scene with resolution hunted 
|v, the I CTVs .urrentlv available liquid crystal display (LCD) modulo suitable tor use m the svstem 
include miniature LCI Vs and color LCD monitors recently introduced m camcorders. A critical 
requirement for our application is small size, principally because the 20 projection channels must have 
ut angular separation matching that of the exit pupils (one deg.ee). A secondary requirement is hign 
r .otntion so that the projected images are sharp. While research LCD module:, having both su,a size 
and Imdt resolution have been reported by Citizen Watch, Ltd.? and Kopin. these are not yet ava.utb e on 
Pu, open market. The best compromise currently available at low cost is the miniature color LCD 
r onitor used in camcorders. A unit manufactured by Citizen Watch. Ltd.. features u4S (H) by -J (\ 
p.xels in a 14.6 mm bv 10.3 mm format and accepts NTSC video input. These units can be extracted 
f,„ m camcorders or rr.av be purchased separately along with electronic drive modules. Bv taking 
advantage of low -cost consumer electronics, considerable cost savings can be realized 

The perspective views can also be provided by fixed transparencies that enable higher resolution 
md permit use of computer-eenerated imagery for human factors research. Fixed transparencies tor tne 
■ IDplav can be derived from still photography, motion picture film, video, or computer-generated 
graphics. Whth careful de ign, the same projection and pupil-forming subsystems wall be compatible for 
belli image sources. 

Projection lenses for a dispho usi.rn the Fresnei lens-lenticular array nup.l-former must be small 
,., ensure a reasonable svstem size, crimarilv because the angular separation ot the projection channels 
must' equal die aneular' separation of the exit pupils. For a one -degree pupil separation, a .» 
p-ojecticn lens diameter implies a lens-screen optical separation of 1.5 m. This separation can be 
■,eommodated in a reasonable package by using folding mirrors. Performance requirements tor the 
r,oieu.o, lenses are substantially relaxed aver those tor many other projection systems. Specular 
li-umination. for example, allows' relatively large f-numbers while the resolution limit imposed by the 
lenticular arrays (discussed earlier) eases MTF requirements. Relatively inexpensive Hastings triplets 
.ire expected to provide adequate performance 

In smzie-channeb rear-proiection displays, the projection axis is usually parallel to the viewing 
• Teen normal tas in Fmure 4a However, most projection channels m our display will be ottset <as 

, - sted in Piaure vi To ensure that ad projected images are m toeu> on the screen ana mat 

TMorta' n is minimized, our uesizn calls for orienting the normals to the image sources as well as the 
axes of the projection lenses all parallel to. the screen normal, as m Figure 3d. This scheme satist.es tne 
.Vheimpflug condition but requires that the projection lenses be used ott-axis. The extreme ang.e unl 
he ten degrees for a twenty-degree viewing zone. 



4. DISCI SSION 



Alternative techniques tor displaying static or limited-motion 3D scenes having look-around 
capabilities include the multiplex holograms of Steven Benton and Lloyd Cross and the Hnlodisk of 
CFC Applied Holographies, Inc. These techniques, however, integrate the pupil forming and image 
Oorage functions and are not suitable for the display cf real-time scenes. The separation of these 
functions in the University's display concept is the enabling feature of our display. Even the University's 
static i,fil:n transparency.! scheme readily permits the incorporation of new scenes simply by replacing 
■he transparencies. An emiicly new multiplex hologram would have to be generated for each new scene 
if these other techniques were used. 

The laboratory demonstration display described in this paper is intended to lead to the 
development of a DMD-based autostereoscopic 3D display suitable tor cockpit application by enabling 
demonstration of the advantages of full horizontal parallax. It is anticipated that three stages of 
development will be required to reach the final goal, with the first stage being the fabrication of the 
laboratory display. Ti e second stage wiil consist of human factors experiments to be accomplished 
using the display. Tiie final stage will involve construction of the DM D- based system. This measured 
approach is low-risk and cost-effective, and it will permit important assessments of the value of 3D in 
cockpit applications. 

The development of a 3D display technology that is simultaneously autostereoscopic, 
mukiperspeetive, raster -filled, and dynamic may have substantial impact in areas other than military 
aviation. These areas may include commercial a\iation (cockpits and in air traffic control), robotics 
(.operator controlled remote manipulators!, manufacturing, entertainment, and advertising. The 
development thus has strong potential for implementing the technology transfer goals being advanced by 
the government. 
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